Background: Fitting implants in osteoporotic patients has traditionally been controversial, and there is little scientific evidence relating osteoporosis to marginal bone loss (MBL). The aims of this study are as follows: 1) to evaluate the possibility of a correlation between osteoporosis, as measured by the mandibular cortical index (MCI), and MBL and 2) to assess how various systemic diseases, periodontitis, and placement of implants in regenerated bone are correlated with MBL and MCI.
O steoporosis is defined as a systemic metabolic disease in which patients have low bone mass and display defects in bone microarchitecture. 1 This increases bone fragility and can lead to a higher risk of fractures. 1 Although the study of bone density remains the ''gold standard'' for assessing whether a patient has osteoporosis or not, a recent study on osteoporotic females with pathologic bone fractures demonstrate that osteoporosis can be identified reliably in a panoramic radiograph 2 by using radiomorphometric indices such as the mandibular cortical index (MCI). This index allows patients to be categorized into three groups according to their degree of osteoporosis: 1) those with no bone pathology (C1), 2) the osteopenia group (C2), and 3) the osteoporosis group (C3). 3 Peri-implantitis was first described by Mombelli et al. 4 in 1987 as infectious and pathologic changes in peri-implant tissues. It can be diagnosed clinically (bleeding on probing, probing depth [PD] >5 mm, or three or more implant threads exposed) 5, 6 or radiologically (marginal bone loss [MBL] ). MBL is defined as bone loss around the implant, and this study is based on that variable.
It should be noted that bone loss of 0.2 mm around implants in the first year is considered normal. 7 Subsequently, bone loss of 0.1 mm per year on its own does not constitute any peri-implant disease. 7 Clinically, an implant is diagnosed with peri-implantitis in the presence of pocket bleeding, PD >6 mm, or suppuration of peri-implant tissues. 4, 8, 9 There are also radiologic methods for evaluating peri-implantitis based on MBL: some researchers used MBL from the implant shoulder (>1 mm) as a reference; 10 others use the number of implant threads not in contact with bone 11 (which might lead to confusion when different implant designs are evaluated); whereas others use a method based on MBL according to implant length. 8 The classification described by Lagervall and Jansson 9 is one of the most useful and reproducible for the radiologic detection of MBL. Risk factors for peri-implantitis include the presence of periodontal disease, poor plaque control, remnants of cement in the peri-implant sulcus, and diabetes. 12 Numerous studies have established some relationship between alveolar and systemic bone loss related to measurements in the second metacarpal bone density in the hip or generalized bone mass. These comparisons have expanded to include titanium implants in the oral cavity versus those in the hip, but the comparison would not be accurate because dental implants are subject to the action of bacteria of the oral cavity, and those in the hip are not. In terms of tension and mechanical load, the circumstances could be considered similar, 13 but several studies demonstrate a negative correlation between dental implant failure and osteoporosis. [14] [15] [16] Dvorak et al. 17 and Máximo et al. 18 have studied the correlation between peri-implantitis and osteoporosis, and their results are inconclusive. Periimplantitis might also be related to other factors, such as periodontal disease and guided bone regeneration (GBR) at the implant site, [19] [20] [21] and to other systemic diseases, such as diabetes 8 and cardiovascular disease. 22, 23 The aims of this study are as follows: 1) to evaluate the possibility of a correlation between osteoporosis (MCI) and MBL and 2) to assess whether various systemic diseases, periodontitis, and placement of implants in regenerated bone are correlated with either MBL or MCI.
MATERIALS AND METHODS
A retrospective study was conducted at the School of Dentistry of the University of Seville (Seville, Spain), with the approval of the Seville University Ethics Committee.
Two hundred twelve implants were inserted in 67 patients treated as part of the master's degree course in Integrated Dentistry in Adults and Special Patients at the University of Seville and had at least 2 years of loading. From those 67 patients, 134 panoramic radiographs were obtained: one just after placement of the implant and another 2 years later to look for changes in MBL. These panoramic radiographs were used to analyze MCI to evaluate osteoporosis.
Inclusion and Exclusion Criteria
Sixty-seven patients (31 males and 36 females; aged 30 to 81 years; mean age: 65.2 years) are included in the study and have implants placed (subgingival design that lacked a polished neck, placed at bone level and covered by the gingiva, or supragingival design having a smooth neck to allow healing without being submerged, 3.3, 4.1, and 4.8 mm wide and 8, 10, and 12 mm long, from the same company with the same surface) † and loaded, with at least 2 years of loading. No short implants (<8 mm long) were used in any situation. To assess whether there were differences between the two types of implants when comparing the results with each variable, a comparative study between the two types was conducted.
Patients with diabetes were treated with oral antidiabetic agents, and those who had osteoporosis were treated with hormone replacement therapy, calcitonin, parathyroid hormone, and strontium ranelate. Patients were excluded if they were on medication that might affect bone metabolism (bisphosphonates and longterm corticosteroid treatment) and if their implants were not loaded or had been loaded for <1 year. Implants were not fitted in patients with periodontitis until all sites had been reassessed positively, 6 months after periodontal treatment.
To be included in the study, all the clinical data (e.g., diabetes and osteoporosis) had to be backed up by a medical report, as is required in the Department of Odontology in Special Patients.
To take a possible cluster failure into account, an implant for each patient was randomly selected according to the following procedure: 1) generation of a randomly assigned number (0 or 1) for each patient; 2) determination of the implant chosen for each patient from the previous random number and the number of implants per patient; 3) assignment of a sequential order of implants for each patient; 4) identification of the implant chosen in the second point; and 5) selection of the sample. As a result, 67 implants were selected (52 supragingival design and 15 subgingival design). To study the variability in the results, the same statistical procedure performed previously on all implants was applied to the selected implants.
Primary Dependent Variable
MCI is a qualitative radiomorphometric index that categorizes patients into three different groups according to their osteoporosis status. It is assessed from the inferior mandibular cortex and has been tested as a reliable method for the early diagnosis of osteoporosis. 2 It is assessed as follows: 1) C1, in which † ITI Implants, Institute Straumann, Basel, Switzerland. the endosteal margin of the cortex is even and sharp on both sides; 2) C2, in which the endosteal margin shows semilunar defects (lacunar resorption) or appears to form endosteal cortical residues (one to three) on at least one side; and 3) C3, in which the cortices are clearly porous. If the MCI differs on the two sides of the inferior mandibular cortex, the patient is assigned the higher grade (Fig. 1) .
Dependent Variables
The previous diagnosis of periodontitis was determined from PD ‡4 mm, BOP, and clinical insertion loss ‡4 mm. 24 Demographic data (e.g., occupation and cultural level) were also collected.
MBL. The panoramic radiographs were also used to evaluate MBL. This measurement was performed using the Lagervall and Jansson 9 classification, modified by the authors of this study (to include an additional category), to compare the two panoramic radiographs obtained from patients at the beginning and end of the study. This classification divides implants into different categories according to MBL around the implant: 0 = no MBL; 1 = MBL of one third of implant length or less; 2 = MBL more than one third but less than two thirds; 3 = MBL of two thirds or more of implant length; and 4 = implant loss (this category was added by the present authors).
Two panoramic radiographs were obtained ‡ (at 1:1 magnification) for each case history, one at the time of implant placement and another 2 years afterward. Positioning of the head and mouth within the instrument was controlled. Implants were compared in the two radiographs to observe MBL over the 2-year period and thus assign each implant to a category in the modified classification based on the study by Lagervall and Jansson. 9 The last radiograph was also used to calculate MCI. All measurements were made by a single examiner (JRCF), calibrated for both MCI and MBL. The calibration consisted of the measurement of all radiographs by a second examiner (AMAD) and determination of the correlation coefficient.
Bone regeneration. An equine bone paste and equine collagen membrane were used in all cases of patients treated with bone graft. A record was also made of whether implant placement involved bone regeneration.
Statistical Evaluation
All statistical procedures were performed with statistical software. § The frequency and percentage were used for the description of qualitative variables. The correlation coefficient was measured using the Spearman test. The comparison of qualitative data was performed using the x 2 test, applying Haberman post hoc test. Statistical significance indicated in the tables and in text is shown in the usual ranges. Statistical significance was set at P <0.05.
RESULTS
The evaluator (JRCF) had a correlation coefficient of 0.87 corresponding to a percentage of coincidence of >90% (Spearman test).
Details of patients studied and implants fitted can be seen in Table 1 . With one implant per patient selected, the sample was reduced to 67 implants. Table 2 shows MBL and its relationship to other test variables (MCI, bone regeneration, and history of periodontal disease), taking one implant per patient 
Panoramic radiographs and detailed views showing different degrees of osteoporotic bone impairment.
A) The endosteal margin of the cortex is even and sharp on both sides (indicating a healthy bone structure, C1). B) The endosteal margin shows semilunar defects (lacunar resorption) or appears to form endosteal cortical residues (one to three) on at least one side (indicating osteopenia, C2). C) The cortices are clearly porous on both sides (indicating a well-established osteoporotic status, C3). ‡ ProMax, Planmeca, Roselle, IL.
§ SPSS v.19.0 for Windows, IBM, Armonk, NY.
or the entire sample. In this sense, no statistical differences between MBL and MCI were established in either situation. However, the MBL was significantly associated with placement of the implant in regenerated bone (P <0.001) in either situation and with the previous condition of periodontal disease (P <0.05) only when taking the whole sample. Table 3 shows the relationship between the MBL and implant type (supragingival or subgingival). As shown, when taking only 67 individuals or the total sample, statistically significant differences were not obtained.
Likewise, Table 4 shows the relationship between MCI and the presence of diabetes mellitus and osteoporosis, considering one implant per patient and the entire sample. In this regard, it is noteworthy that when the entire sample is taken, the MCI was significantly related to the condition of previous osteoporosis (P <0.001) and diabetes mellitus (P <0.01). When only 67 selected patients were taken, this statistical significance was lost.
DISCUSSION
Peri-implantitis is studied extensively in the literature, and there are various methods (clinical and radiologic) for diagnosing this condition. Among the factors and components that affect it, one of the most critical and well studied is MBL, which is why this is chosen as one of the test variables in this study.
Periapical radiography has been described as a more sensitive method for measuring MBL, but MCI is described in panoramic radiographs. To minimize this loss of sensitivity, it was ensured that all radiographs were performed with the same panoramic radiographic imaging system and with the same positioning system. Although some researchers consider it more orthodox to make the control measurement after bone remodeling, others, such as Má ximo et al. 18 or LopezPiriz et al., 25 start from the radiograph taken at the time of implant placement. The present study uses the latter method. Furthermore, all measurements were made by a single examiner, precalibrated for both MCI and MBL.
When MBL was tested against the presence of osteoporosis, as evaluated by MCI, no correlation between the two variables was found, as in the studies by Dvorak et al. 17 and Máximo et al. 18 A limitation of both these studies is that osteoporosis status was evaluated by means of a questionnaire. In this study, osteoporosis is evaluated by MCI, which has been demonstrated to be useful for assessing osteoporosis in the literature by >20 studies 2, 3, 26, 27 and confirmed in patients with pathologic bone fractures. Therefore, the conclusion reached in the present study carries more weight than the findings of the abovementioned studies, 2 given that osteoporotic fracture represents the highest grade of osteoporosis, irrespective of the fracture patient's bone mineral density. Numerous studies have established some relationship between alveolar and systemic bone loss. Regarding the comparison of dental implants with those that could be placed in other parts of the body, such as the hip, it should be considered that the comparison would never be exact because dental implants are subject to the action of bacteria of the oral cavity. 13 Many comparative studies of bone regeneration and implants are based on their stability. 28, 29 In a study by Deli et al., 30 implants placed in sites of bone regeneration were found to offer less stability. However, stability is not the only implant characteristic examined in relation to bone regeneration. 31 Quirynen et al. 21 J Periodontol • January 2016 Corcuera-Flores, Alonso-Domínguez, Serrera-Figallo, Torres-Lagares, Castellanos-Cosano, Machuca-Portillo found that implants inserted in regenerated bone were 2.5 times more likely to fail. The present study tests different grades of MBL against implants placed in regenerated sites. A positive correlation was found between Class 1 and 3 MBL and GBR. This might suggest that, when placing implants in sites subjected to GBR, the clinician should conduct more frequent check-ups so that, if peri-implantitis occurs (being more likely to do so), it can be treated promptly. There is scientific evidence for an association between peri-implantitis and active periodontitis. 25 Casado et al. 20 concluded that patients with a previous history of periodontal disease that had been treated and arrested had a four-fold higher risk of developing peri-implant disease. When all sample implants were taken, the present study finds a positive correlation between MBL and a previous history of periodontitis. By taking an implant per patient, statistical significance with respect to this parameter is lost. Although this sample is more specific, the low number seems to cause this disparity. With the entire sample, although less specific, the ratio of previous periodontitis to implant loss was 7/133. In this sense, it is necessary to select a larger sample to confirm these findings. Regardless, this finding seems to support the evidence for an association between periodontitis and the development of peri-implantitis. 32 Although quantitative methods would be more accurate, various studies have confirmed that MCI is a reliable method for diagnosing osteoporosis. 27, 33, 34 In this study, it is chosen as the diagnostic method for osteoporosis because of its simplicity and reproducibility. 35 Also, the same tool (panoramic radiography) could be used to evaluate osteoporosis and MBL.
A positive correlation was found between MCI and a previous diagnosis of osteoporosis, which is confirmed by several studies. 2, 3, 26, 36, 37 When MCI was tested against the presence of diabetes mellitus, a positive correlation was found. This is consistent with the findings of Jackuliak and Payer, 38 who found that osteoporosis had a higher prevalence among patients with diabetes. Diabetes mellitus is also positively correlated with a higher risk of osteoporotic fractures attributable to reduced bone strength in patients with diabetes. 39 Additional multicenter studies, in which the number of implants is increased, are needed to validate the results.
CONCLUSIONS
According to the results of this clinical study, it can be said that osteoporosis (as evaluated by MCI) does not pose a risk for the development of greater MBL. Parameters adversely affecting MBL are a previous history of periodontal disease and especially the placement of implants at sites of bone regeneration. NS = non-significant. All data presented as n (%) implants.
